ABSTRACT The effects of five UICC asbestos samples, titanium dioxide, and quartz on the bovine red cell membrane have been studied in erythrocyte ghosts by the spin labelling technique. Analysis of the electron paramagnetic resonance (EPR) spectra of two sulphydryl reactive spin labels and one fatty acid spin label in red cell ghosts showed modifications in membrane protein after asbestos treatment but no alterations in membrane lipids. In experiments with quartz no membrane changes were noted but titanium dioxide altered the proteins bound with the protein reactive spin label used in the present study. The possible mechanism for these effects is discussed. Although haemolysis of asbestos plays no part in the pathogenesis of dust diseases, the technique is often used to study the effects of fibres on biological membranes and correlation between the haemolytic and cytotoxic activity has been found.4
Current usage of the term " asbestos" is restricted to six naturally occurring fibrous silicates which differ in chemical composition and physical properties.' They nevertheless produce the same diseases when inhaled: diffuse pulmonary fibrosis, malignant mesotheliomas of the pleural and peritoneal cavities, bronchogenic carcinoma, cancers of the digestive system and other organs, and pleural plaques. 2 Stanton et al found that in the rat the probability of pleural sarcoma correlates with the number of fibres that measure -,0-25 ,um in diameter and >8 ,um in length. 3 The results showed that, in addition to asbestos, a wide variety of other mineral fibres that seem to have only dimension and durability in common are carcinogenic. Some minerals, however, seem to deviate from this correlation, which suggests that the properties of the other fibres are not unimportant for their pathogenicity. Biological action of asbestos has been analysed both in vitro and in vivo. It has been found that all cytotoxic mineral types are fibrogenic but that not all fibrogenic types are cytotoxic to macrophages. 4 Although haemolysis of asbestos plays no part in the pathogenesis of dust diseases, the technique is often used to study the effects of fibres on biological membranes and correlation between the haemolytic and cytotoxic activity has been found. The data reported above may suggest that:
(1) The mechanism of the pathogenic action of different asbestos types is not the same (different agents produce the same effect). (2) The protein concentrations of the spin labelled membrane preparations (in 10 mM sodium phosphate buffer, pH 7-4), measured by the method of Lowry et a18 were adjusted to about 3 mg/ml. After incubation for one hour at 37°C the "ghost" suspensions (0.5 ml) were carefully mixed with 10 mg of the dust previously wetted with 0 1 ml of the buffer and incubated for one hour at 37°C. After 14 hours' storage of the samples at 4°C the EPR spectra were recorded at room temperature (21-22°C) in a SE/ X-28 spectrometer (Wroclaw Technical University, Poland), operating at the X band. All the experiments were repeated at least five to seven times on different membrane preparations. Results are presented as means + SEM. Calculations of statistical significance of differences were made using Student's t test after checking the data with Q-Dixon's test. For clarity of comparison, the asbestos induced changes in the EPR spectra -parameters are expressed as a percentage of the appropriate control values taken as 100%.
Results
The maleimide spin label binds covalently mainly to the sulphydryl groups in the erythrocyte membrane proteins. The population of membrane -SH groups is heterogenous and, so far as the interactions with MSL are concerned, is composed of two subpopulations, causing weak and strong immobilisation respectively, of the bound spin label residues. strongly and weakly immobilised residues of MSL attached to ghosts treated and untreated with dust, was compared.
We observed an increase in the Hw +I /Hs,, ratio in membranes treated with chrysotiles whereas crocidolite, amosite, anthophyllite, and titanium dioxide decreased this parameter (fig 1) .
Changes in the shape of ISL were evaluated by a comparison of the rotational correlation times (Ta) of the membrane bound spin label residues (fig 2) using the following formula where Tc= kAW [ After chrysotile B treatment in both the previous and the present study we observed an increase in the size of the weakly immobilised population of maleimide spin label bound to membrane proteins. Such alterations are usually assumed to be an effect of some MSL residues coming to the membrane lipid bilayer surface which causes the decrease in the rotational correlation time; this parameter was not calculated for the MSL spectrum in the present study.
The results with ISL-bound membranes indicate an increase in Tr. The increase in this parameter is a manifestation of stronger immobilisation of -SH groups by MSL in the membranes treated with chrysotiles than in the control membranes.
Fung and Simpson found that 80% of the maleimide spin label intensity in erythrocyte membrane arises from label sites at the spectrin-actin complex.'3 Thus MSL may be used as a spectroscopic probe to study the spectrin-actin complex in the red cell membrane. The observed alterations in the spectra of MSL attached to membranes treated with chrysotiles may be ascribed to a spectrin release from the membrane surface.
After treatment with amphiboles we observed an increased immobilisation of protein -SH groups in the membranes; this result was obtained with both MSL and ISL. The submerging of proteins into the lipid bilayer may be the cause of the reduction of protein lateral diffusion. '4 Thus our results suggest that spectrin is released after the membrane is treated with chrysotile. Spectrin and actin acting together condition the native erythrocyte membrane structure and affect its viscoelasticity and the resealing of red cell ghosts.'5 The spectrin-actin system also reduces the mobility of the integral membrane proteins'6 whereas in presence of bivalent ions (at a concentration of about 1O-3 M) and at low pH values (range of 4, 5 for bovine and 5, 1 for human erythrocytes), spectrin is known to aggregate.'7 Thus both chrysotile surface Mg2+ and the negative charge of the amphibole fibre surface (producing a decrease in pH values in the neighbourhood of the fibre) could cause the aggregation of spectrin which might cause an increase in protein translation motility. Nevertheless, all the experiments with different asbestos types suggest an increase in membrane protein immobilisation (an increase in Tr values in ISL experiments).
Chrysotile asbestos may induce the movement of glycoproteins within the red cell membrane to form clusters from which lipid hydrocarbon chains are excluded. These clusters increase cation permeability and the cells undergo osmotic lysis. 
